Background: Pelvic organ prolapse is a common health problem, affecting up to 40% of parous women over 50 years old, with significant negative influence on quality of life. Vaginal hysterectomy is currently the leading treatment method for patients with symptomatic uterine prolapse. Several studies have shown that sacrospinous fixation in case of uterine prolapse is a safe and effective alternative to vaginal hysterectomy. However, no large randomized trials with long-term follow-up have been performed to compare efficacy and quality of life between both techniques. The SAVE U trial is designed to compare sacrospinous fixation with vaginal hysterectomy in the treatment of uterine prolapse stage 2 or higher in terms of prolapse recurrence, quality of life, complications, hospital stay, postoperative recovery and sexual functioning.
Methods/design: The SAVE U trial is a randomized controlled multi-center non-inferiority trial. The study compares sacrospinous fixation with vaginal hysterectomy in women with uterine prolapse stage 2 or higher. The primary outcome measure is recurrence of uterine prolapse defined as: uterine descent stage 2 or more assessed by pelvic organ prolapse quantification examination and prolapse complaints and/or redo surgery at 12 months follow-up. Secondary outcomes are subjective improvement in quality of life measured by generic (Short Form 36 and Euroqol 5D) and disease-specific (Urogenital Distress Inventory, Defecatory Distress Inventory and Incontinence Impact Questionnaire) quality of life instruments, complications following surgery, hospital stay, post-operative recovery and sexual functioning (Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire). Analysis will be performed according to the intention to treat principle. Based on comparable recurrence rates of 3% and considering an upper-limit of 7% to be non-inferior (beta 0.2 and one sided alpha 0.025), 104 patients are needed per group.
Discussion: The SAVE U trial is a randomized multicenter trial that will provide evidence whether the efficacy of sacrospinous fixation is similar to vaginal hysterectomy in women with uterine prolapse stage 2 or higher. 
Background
Pelvic organ prolapse (POP) is a common health problem affecting up to 40% of parous women over 50 years old [1] . The life-time risk for women to undergo surgery for the management of POP is about 11% and 30% of these women will need additional surgery because of prolapse recurrence [2] . The risk of POP increases with the number of vaginal births and is higher in older and obese women. POP has significant negative effects on a woman's quality of life, ranging from physical discomfort, psychological and sexual complaints to occupational and social limitations.
POP is defined as the descent of one or more of the pelvic organs. Anterior vaginal wall prolapse concerns the bladder and/or urethra (cystocele, urethrocele). Apical prolapse entails either the uterus or post-hysterectomy vaginal cuff. Posterior vaginal wall prolapse concerns the rectum but can also include the small or large bowel (rectocele, enterocele). Women can present with prolapse of one or more compartments. We will focus on the treatment of uterine prolapse in this study.
In the Netherlands vaginal hysterectomy is currently the leading treatment method for patients with symptomatic uterine prolapse. Although the literature is inconclusive, it has been suggested that hysterectomy may cause nerve supply damage and disrupt supportive structures of the pelvic floor. Therefore women may be at increased risk for bladder dysfunction and new-onset stress incontinence after vaginal hysterectomy [3] [4] [5] . The incidence of post-hysterectomy vaginal vault prolapse varies between 0,2 and 12% [6] [7] [8] . Hysterectomy for pelvic organ prolapse appears to be a particular risk factor. The risk of prolapse repair after hysterectomy was 4.7 times higher in women whose initial hysterectomy was indicated for pelvic organ prolapse and 8 times higher if preoperative prolapse grade 2 or more was present [9] .
In several retrospective and prospective studies it has been shown that sacrospinous fixation in case of uterine or vaginal vault prolapse is a safe and effective treatment [10] [11] [12] [13] [14] . Two sutures suspend the cervix or vaginal vault to the sacrospinous ligament bringing the apex above the levator plate. The procedure is associated with a few serious complications. Buttock pain on the side where the sacrospinous sutures have been passed occurs in approximately 10-15% of the women but typically resolves in days to months.
Two retrospective and one prospective study comparing vaginal hysterectomy to sacrospinous fixation demonstrated no significant difference in anatomical outcome, while hospital stay was shorter, less pain was experienced and recovery was quicker in the latest group [15] [16] [17] . However to date only one randomised study comparing both procedures is available. This multi-center trial compared vaginal hysterectomy to sacrospinous fixation in a group of 66 women with uterine descent and found a higher rate of recurrences after one year in patients with sacrospinous fixation (27% versus 3% recurrence in patients with vaginal hysterectomy) [18] . This conflicting evidence could be attributed to inadequate statistical power owing to small sample size and short duration of follow up. Possible other explanations for the difference in recurrences rates between the different studies are heterogeneity of data collection and selection bias, for instance excluding women with a stage 4 uterine descent. Also due to the multi-center design of the study more gynaecologists performed the procedures, possibly by using different techniques, and therefore introducing the risk of a difference in quality.
Benefits from sacrospinous fixation described in previous studies were also demonstrated in the randomised trial. Median hospital stay was shorter after sacrospinous fixation (3 versus 4 days) and patients had earlier resumption of daily activities and work (43 days versus 66 days).
In conclusion, studies that compare vaginal hysterectomy to sacrospinous fixation lack long-term follow-up and have insufficient power because of the small numbers and heterogeneity of included patients. Therefore we will conduct a multi-centre, non-inferiority trial to determine whether the efficacy of sacrospinous fixation is similar to vaginal hysterectomy in women with symptomatic uterine prolapse pelvic organ prolapse quantification (POP-Q) stage 2 or higher.
Methods/design

Study objectives
The objective of this study is to compare sacrospinous fixation with vaginal hysterectomy in the treatment of uterine prolapse POP-Q stage 2 or higher in terms of recurrence of prolapse, quality of life, complications, post-operative recovery, hospital stay and sexual functioning.
Hypothesis
Our hypothesis for this study is that there is no difference in recurrence rate between sacrospinous fixation and vaginal hysterectomy in symptomatic women with uterine decent POP-Q stage 2 or higher. However, sacrospinous fixation may be associated with shorter hospital stay, more quick recovery and less postoperative pain.
Study design
The SAVE U trial is a prospective randomized nonblinded clinical trial conducted with the aim to determine non-inferiority of the primary endpoint between sacrospinous fixation and vaginal hysterectomy. The study will be an open label study, as it is impossible to blind the health care workers and patients involved for the surgical procedure to which the woman is allocated. Follow-up after one year, however, will be done by an independent physician. After inclusion, patients will be randomized centrally in 1:1 ratio stratified per centre and severity of prolapse. Patients are followed-up at 6 weeks, 6 months, 12 months and annually thereafter till 60 months followup. The design is presented in figure 1 .
Study population and recruitment
All women seeking treatment for symptomatic pelvic organ prolapse with uterine descent POP-Q stage 2 or higher, will be considered for inclusion in the SAVE U trial. Patients with co-existing anterior/posterior defects or concomitant incontinence surgery can be included.
Women with previous pelvic floor or prolapse surgery, known malignancy or abnormal cervical smears, a wish to preserve fertility, language barriers, presence of immunological/haematological disorders interfering with recovery after surgery, abnormal ultrasound findings of uterus or ovaries or abnormal uterine bleeding and who are unwilling to return for follow-up are excluded from the study.
Assessment for eligibility is performed by gynaecologist and/or residents of the participating hospital. Patients eligible for participation are counselled about the long duration of follow up that is involved in the study. Also the risks associated with uterus preservation is clearly outlined. Subsequently, written patient information is provided. An interval of one to two weeks between the primary visit and the next appointment allows sufficient time for women to think about participation. Written informed consent is obtained before randomisation.
Primary and secondary endpoints
The primary endpoint of this study is surgical failure, defined as recurrence of prolapse POP-Q stage 2 of the middle compartment and prolapse complaints and/or redo surgery. This item will be evaluated by performing a POP-Q examination at 12 months follow-up.
Secondary endpoints of this study include: subjective outcome and improvement in general and disease-specific quality of life, complications, hospital stay, post-operative recovery and sexual functioning after sacrospinous fixation or vaginal hysterectomy.
Participating hospitals
Four Dutch (non-academic) hospitals will enrol patients.
Randomisation
After patients have consented for participation in the study, they are randomized centrally through a website using computer-generated randomisation tables. The subjects are assigned in a 1:1 ratio to either sacrospinous fixation or vaginal hysterectomy. Randomisation will be stratified according to centre and severity of prolapse (POP-Q stage 2, 3 or 4). The details of the series are unknown to investigators or to the participating gynaecologists and all participants will receive unique study numbers.
Data collection
All patients will undergo routine gynaecological examination which is part of standard procedure before surgery. This includes pelvic ultrasound to exclude uterine or ovarian disease, routine PAP-smear and vaginal inspection in 45°semi-upright position for staging uterovaginal prolapse by a POP-Q examination. The POP-Q system has been developed by the international Continence Society and is a reliable and specific method to measure organ support [19, 20] . Maximum prolapse is demonstrated and identified by asking the patient to cough and to perform a Valsava manoeuvre while each vaginal wall is individually exposed.
At inclusion all patients are requested to fill in validated quality of life questionnaires (RAND 36, Euroqol 5D, Urogenital Distress Inventory, Defecatory Distress Inventory, Incontinence Impact Questionnaire) [21] [22] [23] [24] [25] [26] and two questionnaires regarding sexual functioning (Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire and selected items from the 'Vragenlijst Seksuele disfuncties') [27] [28] [29] . Preoperative urodynamic evaluation is only performed in women with bladder dysfunction. During hospitalisation and the first 6 weeks after surgery patients keep a diary which contains the following items: post-operative pain measured by the Visual Analogue Score (VAS), used pain medication and the Recovery Index-10 (RI-10) which is a validated quality-of life questionnaire measuring subjective postoperative recovery [30] . After surgery patients will visit the hospital at 6 weeks (routine post-operative consultation), 6 months, 12 months and yearly thereafter till 60 months follow-up.
Interventions
Eligible women will be randomly allocated to receive either a sacrospinous fixation or a vaginal hysterectomy. All procedures will be performed under general anesthesia or spinal analgesia according to the preference of patient and anesthesiologist. All women receive perioperative antibiotics and thrombosis prophylaxis. Postoperatively a bladder catheter is placed and removed according to local hospital protocol. Patients will receive analgesics if necessary in accordance with local hospital protocol. All patients are advised to abstain from heavy physical work for a minimal period of 6 weeks.
Sacrospinous fixation
At least twenty procedures must have been performed by participating gynaecologists to eliminate a learning curve effect. All procedures are performed unilaterally to the right sacrospinous ligament. Access to sacrospinous ligament is obtained through the pararectal space. The posterior vaginal wall will be incised and separated from the rectum. The right ischial spine will be localised digitally and after retractor positioning the ligament is made visible through blunt dissection. Two permanent sutures (Prolene 1.0, Ethicon, Somerville, NJ, USA) will be placed through the right sacrospinous ligament at least 2 cm from the ischial spine. Hereafter, an additional anterior and/or posterior colporrhaphy or incontinence surgery can be performed. The permanent sutures will be placed through the posterior side of the cervix and two thirds of the posterior vaginal wall will be closed with absorbable sutures (Vicryl 2, Ethicon, Somerville, NJ, USA). The permanent sutures will be tightened and the cervix redressed. The remainder of the vaginal wall will be closed.
Vaginal hysterectomy
The patient is placed in lithotomy position and a tenaculum forceps is used to grasp the cervix. The vaginal wall around the cervix is circumcised. The bladder will be dissected and the anterior peritoneum opened. The posterior peritoneum will be opened and the Douglas cul-de-sac is entered. The uterosacral ligaments will be identified, transected and ligated. In several steps the uterus will be removed using clamps and sutures. Following removal of the uterus, the adnexa are inspected and the surgical pedicles are inspected for bleeding. The peritoneum is closed in a purse-string manner using a delayed-absorbable suture (Vicryl 1.0). The ligature of the uterosacral ligaments is sutured to the vaginal cuff to aid in long-term vaginal support. The vaginal wall incision is closed left to right with interrupted sutures.
During the same procedure additional anterior and/or posterior colporrhaphy or incontinence surgery can be performed.
Statistical analysis Sample size and power considerations
The sample size for this trial has been estimated using the hypothesis that both interventions are equivalent regarding anatomical outcome. The aim is to show that in the sacrospinous fixation arm, anatomical result is comparable to the vaginal hysterectomy group. Two groups of 94 patients will be included to yield a 80% power for a non-inferiority margin of 7%, assuming a relapse rate of 3% [18] . Considering a 10% loss in follow-up 104 women per arm are needed and thus a total of 208 women.
Data analysis
Patient characteristics will be summarized using descriptive statistics for continuous variables presented with medians, means and standard deviations as appropriate. Categorical data will be presented as rates and percentages. Anatomical outcome and recurrence rate assessed by a POP-Q-examination in both study groups will be considered as primary outcome. Surgical failure (recurrence) is defined as the presence of prolapse stage 2 or more in the middle compartment with prolapse complaints and/or redo surgery at one year follow-up. Noninferiority of sacrospinous fixation to vaginal hysterectomy will be concluded if the lower limit of the 95% confidence interval lies above the non-inferiority margin of -7% (this is equivalent to performing a one-sided hypothesis test at the 0.025 level of significance, based on the null hypothesis that sacrospinous fixation is inferior to vaginal hysterectomy). If the 95% confidence interval for the difference in recurrence rates not only lies above the non-inferiority margin, but also above zero then it will be concluded that there is evidence of superiority of sacrospinous fixation over vaginal hysterectomy in terms of statistical significance at the 2-sided 5% level (p < 0.05).
Ethics
The study is conducted in accordance with the principles of the Declaration of Helsinki and 'good clinical practice' guidelines. The SAVE U trial has been approved by the Medical Ethical Committee of the Isala Klinieken Zwolle (MEC 09/625) and the local Ethical Committees of the participating centers. Prior to randomization informed consent will be obtained.
Discussion
This is a protocol for a randomised trial comparing sacrospinous fixation and vaginal hysterectomy for the treatment of uterine prolapse POP-Q stage 2 or higher with regard to anatomical outcome, post-operative recovery, length of hospital stay, complications and sexual functioning.
The findings of this trial will contribute to answer the question which surgical treatment is preferable in women with symptomatic uterine prolapse POP-Q stage 2 or higher. If equivalence in anatomical outcome is found, the comparison of the secondary outcomes will be essential in selecting the preferred strategy. 
